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1
SYSTEMS AND METHODS FOR
DELIVERING DISSOLVED GASES INTO
FORCE-MAIN AND GRAVITY SEWERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part application of,
and claims the benefit of, U.S. patent application Ser. No.
11/921,057, filed Nov. 7, 2008 and issued as U.S. Pat. No.
8,276,888 on Oct. 2, 2012, which is a national stage entry of
International Patent Application No. PCT/US2006/020391,
which claims the benefit of U.S. patent application Ser. No.
11/137,856, filed May 25, 2005 and now issued as U.S. Pat.
No. 7,255,332, which in turn claims priority to U.S. Provi-
sional Patent Application No. 60/574,152, filed on May 25,
2004. This application also claims the benefit of U.S. Provi-
sional Application No. 61/529,521, filed on Aug. 31, 2011,
entitled “Systems and Methods for Delivering Dissolved
Gases into Force-Main and Gravity Sewers.” The disclosures
of each of these applications are herein incorporated by ref-
erence in their entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

The present invention has been supported at least in part by
the National Science Foundation SBIR Program, Grant No.
1IP-0750402DMI-041955. The Government has certain
rights to the invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to systems and methods for
dissolving a gas, such as oxygen, in a liquid, and still further
to systems and methods for dissolving a gas into wastewater
for use in a force-main sewer or gravity sewer application.

2. Background of the Related Art

Municipal sewage (which, as used hereinafter, includes
wastewater) collection, conveyance and treatment systems
(hereinafter referred to as “sewage treatment systems”) are
extensive networks of interconnected pipeline infrastructure.
Because of expansiveness and topography of municipal sew-
age treatment systems, sewage flows cannot always be con-
veyed by gravity. As a result, pumping sites are sometimes
needed as part of the pipeline infrastructure to lift sewage
flows over high points in the system or to the municipal
treatment facilities.

A pumping site may be provided at a collection point of a
project such as a housing development, an apartment complex
development or a commercial office facility development.
The pumping site is used to pump untreated sewage collected
from the development through a “force-main” to a higher
point where the untreated sewage can then flow via gravity to
the municipal sewage treatment facility to be treated. Pump-
ing sites may also be provided at low points in the pipeline
infrastructure where gravity flow is no longer able to deliver
the untreated sewage to the sewage treatment facility due to
the topography. In most cases, the pumping site employs a
collection sump, which receives and accumulates the
untreated sewage from the upstream network of piping, and a
mechanical pump which then pumps the sewage from the
collection sump through the force-main to a higher point
where the untreated sewage can flow by gravity to the sewage
treatment facility to be treated. In a typical municipality, the
sewage pipeline infrastructure of the sewage treatment sys-
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tem will contain numerous pumping sites to enable the flow of
untreated sewage to reach the sewage treatment facility via
both the force-main and gravity sewer pipelines.

Under anaerobic conditions, naturally present bacteria in a
sewer system will convert sulfate compounds into reduced
sulfur compounds, which are known to cause bad odors in
sewers. One of these compounds, hydrogen sulfide, is known
to form sulfuric acid when reacting with residual oxygen in
the headspace of the sewer, which creates corrosion problems
for steel and iron piping and other sewer components. By
dissolving oxygen into the wastewater in a sewer system, the
formation of an anaerobic condition is prevented, thereby
reducing odor and controlling corrosion. Therefore, oxygen-
tation of both force-main and gravity sewers can provide
substantial benefits, and cost savings, when considering the
operations and maintenance needs of these types of systems
over their life-cycle.

Various systems are currently available for the pre-treat-
ment of wastewater, including those that utilize oxygen for
odor and corrosion control. For example, a generic pre-treat-
ment system is described in U.S. Pat. No. 6,284,138 B1 to
Hydro Flo, Inc. Further, a more specific application of super-
oxygenation for odor/corrosion control is disclosed in U.S.
Pat. No. 7,566,397 B2 to Eco Oxygen Technologies, LL.C.

However, the above-described systems have several disad-
vantages when considering force-main and gravity sewer
oxygenation applications. One of the main disadvantages is
the inability to achieve dissolved oxygen concentrations
greater than 300-mg/L., which is desirable due to the large
oxygen demand in these types of systems. This is attributed
primarily to the above-described technologies only operating
at pressures slightly higher than contained in the pipeline
system. Because of this, the above-described systems typi-
cally required larger vessels, piping and footprint, and ulti-
mately result in higher capital costs. Furthermore, the design
of the above-described systems typically limits the ability to
tightly control oxygen delivery based on changing site con-
ditions. Often times, this results in the over-design of systems,
making them less cost-effective due to the decreased efficien-
cies. Finally, the use of gas bubbles for oxygen dissolution by
the above-described systems is generally a less efficient
means of dissolving oxygen and has the potential to create
operational issues in force-main sewer applications by
increasing the amount and frequency of air release valve
operation.

Many different systems and methods are available for dis-
solving gases in liquids and are highly dependent on the
needed application. Those methods for dissolving oxygen
into water are specifically referenced here. Most dissolved
gas delivery methods—bubble diffusion, Venturi injection,
U-tubes, and Speece cones, for example—are based on
increasing the contact time or surface area of gas bubbles
introduced into a bulk liquid to enhance mass transfer.

Most, if not all, of these earlier technologies require recov-
ery systems for off-gases that do not dissolve into the fluid or
allow loss of undissolved gases. For example, U.S. Pat. No.
5,979,363 to Shaar describes an aquaculture system that
involves piping a food and oxygen slurry into a pond. U.S.
Pat. No. 5,911,870 to Hough discloses a device for increasing
the quantity of dissolved oxygen in water and employs an
electrolytic cell to generate the oxygen. U.S. Pat. No. 5,904,
851 to Taylor discloses a method for enriching water with
oxygen that employs a Venturi-type injector to aspirate gas
into a fluid, followed by mixing to increase dissolution. U.S.
Pat. No. 5,885,467 to Zelenak discloses mixing a liquid with
oxygen using a plurality of plates or trays over which the
liquid flows gradually downward. U.S. Pat. No. 4,501,664 to
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Heil discloses a device for treating organic wastewater with
dissolved oxygen that employs several process compart-
ments. U.S. Pat. No. 5,766,484 to Petit describes a dissolved
gas flotation system for treatment of wastewater wherein the
relative location of inlet and outlet structures reportedly
maximizes the effect of air bubbles in separating solids from
the fluid. U.S. Pat. No. 5,647,977 to Arnaud describes a
system for treating wastewater that includes aeration, mixing/
flocculating, and contact media for removing suspended sol-
ids. U.S. Pat. No. 5,382,358 to Yeh discloses an apparatus for
separation of suspended matter in a liquid by dissolved air
flotation. And U.S. Pat. No. 3,932,282 to Ettelt discloses a
dissolved air flotation system that includes a vertical flotation
column designed with an aim of preventing bubble breakage.

Mazzei injectors (see, e.g., U.S. Pat. Nos. 5,674,312;
6,193,893; 6,730,214) use a rapid flow of water to draw gas
into the fluid stream; mixing chambers may or may not be
used to increase contact time between the gas bubbles and the
fluid to increase dissolution. The system described in U.S.
Pat. No. 6,530,895 to Keirn has a series of chambers under
pressure that add gaseous oxygen to fluid; the pressure
increase and the chambers in series are used to increase dis-
solution. U.S. Pat. No. 6,962,654 to Arnaud describes a sys-
tem that uses a radially grooved ring to break a stream of fluid
into smaller streams; gas is introduced into the streams and
mixing is used to increase dissolution. Speece (see U.S. Pat.
Nos. 3,643,403; 6,474,627; 6,485,003; 6,848,258) proposes
the use of head pressure to introduce liquid under pressure
into a conical chamber; the downward flow of the fluid is
matched in velocity to the upward flow of gas bubbles to
increase dissolution time. Littman et al. (U.S. Pat. No. 6,279,
882) uses similar technology to Speece except that the
upward flowing bubble size is decreased with a Shockwave.
Roberts, Jr. et al. (U.S. Pat. No. 4,317,731) propose turbulent
mixing in an upper chamber to mix gas with a bulk fluid; a
quiescent lower chamber allows undissolved gas to rise back
into the upper chamber for remixing.

Other U.S. patents describe various methods of increasing
the contact time between gas bubbles in fluids, including U.S.
Pat. No. 5,275,742 to Satchell; U.S. Pat. No. 5,451,349 to
Kingsley; U.S. Pat. No. 5,865,995 to Nelson; U.S. Pat. No.
6,076,808 to Porter; U.S. Pat. No. 6,090,294 to Teran; U.S.
Pat. No. 6,503,403 to Green; and U.S. Pat. No. 6,840,983 to
McNulty. Spears, et al. (U.S. Pat. Nos. 7,294,278; 7,008,535)
describe a method for varying the dissolved oxygen concen-
tration in a liquid by varying the pressure from 14.7 to 3000
psiinside an oxygenation assembly. Patterson, etal. (U.S. Pat.
No. 6,565,807) describe a method for maintaining, adjusting,
or otherwise controlling the levels of oxygen dissolved in
blood (e.g., pO,) by controlling the flow rates or by providing
controlled amounts of the blood or oxygen gas.

These conventional systems for dissolving gases in liquids,
and in particular conventional dissolved oxygen delivery sys-
tems are based on dissolving bubbles into stationary or flow-
ing water and are greatly limited in the range of dissolved
oxygen concentration that can be attained and controlled.
These conventional systems are also limited to nearly steady-
state use, and cannot quickly adjust dissolved oxygen con-
centrations to optimize water treatment. Bubble-based tech-
nology is limited to much lower dissolved oxygen
concentration in the water being treated because of lower
pressure and less-efficient gas transfer.

Accordingly, there is a need for systems and methods for
optimizing the dissolution of a gas into a liquid, and in par-
ticular for systems that can be cost-effectively applied to
force-main and gravity sewers for odor and corrosion control
by adjusting dissolved oxygen concentrations to levels that
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are optimal for maintaining aerobic conditions. The systems
and methods described in this disclosure meet this need.

SUMMARY OF THE INVENTION

The present invention is directed to systems and methods
for dissolving gases in liquids and more specifically to sys-
tems and methods for delivering dissolved gasses, such as
oxygen, into wastewater in force-main and gravity sewer
applications. The present invention utilizes, in part, the sys-
tems and methods for dissolving gasses into liquid and deliv-
ery of dissolved gasses described in U.S. Patent Application
Publication No. 2009/0166300 A1, published on Jul. 2, 2009,
which is hereby incorporated by reference in its entirety.

The method of gas dissolution utilized in the present inven-
tion is superior to that of previous techniques used in force-
main and gravity sewer applications, because it provides the
following benefits: no bubbles are needed for oxygen transfer,
it achieves significantly higher dissolved oxygen concentra-
tions, more efficient oxygen delivery, and it reduces energy
consumption per unit of oxygen delivered.

Dissolving gas within the treatment stream without the
need for air or oxygen bubbles provides a critical benefit in a
force-main application. Further, the present invention pro-
vides for significantly higher dissolved oxygen concentra-
tions, in excess of 350-mg/I. as compared to the 150-mg/L,
disclosed in U.S. Pat. No. 7,566,397 B2. Because the concen-
trations are much higher, the resulting flow for the same level
of treatment is much less, which allows piping, valves, and
other various appurtenances to be reduced in size resulting in
capital cost savings. Additionally, the mechanism of dissolu-
tion promotes nearly full efficiency of oxygen transfer to the
waste stream. Rather than being dependent on creating
smaller and smaller air bubbles to increase transfer efficiency,
this invention utilizes the head pressure to achieve greater
than 95% oxygen transfer efficiencies over the entire operat-
ing range. Because the transfer efficiency is greater, long term
operating costs associated with oxygen supply are reduced. In
sum, the above efficiencies provide for a more economical
solution to the oxygenation of force-main and gravity sewers
for odor and corrosion control. Because of these efficiencies,
this invention can significantly reduce life-cycle costs and
ultimately the cost per unit of oxygen delivered when com-
pared to other available technologies.

As discussed in the above paragraphs, the method of gas
dissolution utilized in this invention is superior to that of
previous inventions for force-main and gravity sewer appli-
cations. In one exemplary embodiment, that dissolution
method includes the following steps: pressurizing an
enclosed vessel with oxygen, wherein the gas enters the ves-
sel at a controlled pressure until a desired higher is attained in
the vessel; providing oxygen from a pressure-regulated line;
and varying at least one parameter within the pressure vessel
to vary the amount of gas dissolved in the liquid held in the
vessel.

Several embodiments are envisioned for the application of
this dissolution method in a force-main or gravity sewer.
Generally, three alternative suction arrangements and two
alternative discharge arrangements are envisioned for flex-
ibility in application and operation.

The three envisioned suction arrangements include: suc-
tion from a pipeline (force-main or gravity sewer), suction
from a wet well, or suction from a potable water supply.
Because the dissolution technology utilizes an inlet, which
may include a plurality of spray nozzles to achieve higher
transfer efficiencies, it is necessary to ensure that solids of a
certain size are either removed from the waste stream or
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reduced in size such that the spray nozzles are not clogged
with large solids. Therefore, each suction alternative may be
fitted with an appropriate commercially available technology
and control devices to provide automatic pre-treatment of the
waste stream when spray nozzles are utilized.

Embodiments of the present invention which utilize suc-
tion from the pipeline allow for the utilization of existing
system pressures to reduce additional energy inputs required
for oxygenation. Suction from the pipeline takes place at any
location downstream of the pump or wet-well and may be
fitted with either a commercially available in-line grinder or
complete screening and de-gritting solution.

Embodiments of the present invention which utilize suc-
tion from a wet well minimize the impact on existing pump
and system hydraulics. This alternative may be fitted with a
commercially available self-backwashing intake screen or
mechanical fine screen, such a perforated plate screen. This
alternative may also be fitted with a commercially available
in-line grinder or complete screening and de-gritting solu-
tion.

Embodiments of the present invention which utilize suc-
tion from potable water alternatives are utilized where
required flow rates prove economically feasible to do so or
when there is a need to minimize maintenance.

The embodiments of the invention which are considered
discharge arrangements include: discharge to pipeline (force-
main or gravity sewer) or discharge to wet-well. Further, the
dissolution technology utilizes a pressure control device to
maintain desired pressure in the saturation tank. It is envi-
sioned that the pressure control device will be either a control
valve or an orifice tube.

In one embodiment, the discharge from the saturation tank
will be regulated through a control valve capable of produc-
ing a large pressure drop, and maintaining the proper back
pressure. In certain constructions, this valve may be fitted
with an automated actuator. In one embodiment, this actuator
may be programmed to allow the valve to be periodically
purged by the fluid discharging the vessel.

In an alternate embodiment, the discharge from the pres-
sure tank will be regulated through an orifice tube. Preferably,
the orifice tube will be inserted through a full-bore ball valve
or a gate valve, such that the orifice tube can be removed and
the valve closed to allow cleaning or maintenance. Alterna-
tively, the orifice tube will be set in the liquid in the fluid for
recirculation.

Preferably, the system of the present invention can be con-
structed such that the suction and discharge line of the pump
are fitted with a pressure sensing device, to allow detection of
a changing pressure conditions, which would indicate main-
tenance needs. In one embodiment, the pressure sensing
device will produce an electronic or pneumatic signal, which
will allow a programmed system to initiate an alarm or system
shut-down upon a pressure set-point. Still further, certain
embodiments of the present invention include a control unit
programmed to periodically purge the system to prevent
accumulation of floating debris.

The gas dissolution system includes a lower-explosive-
limit (LEL) detector or other hydrocarbon detection device to
determine if an unsafe mixture of hydrocarbon and oxygen
exists at any time in the pressurized vessel. In one embodi-
ment, this LEL or other detector may be interconnected to
automatically shut down the system upon a pre-programmed
reading, and/or send an alarm to the operator.

It is envisioned that in certain embodiments, the gas disso-
Iution system includes a dissolved oxygen (DO), oxidation
reduction potential (ORP), or hydrogen sulfide (H2S) sensor
and programming such that the system operates automati-
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cally to maintain a pre-established control variable set-point.
In an alternate embodiment, the system may include a mass
flow meter, or other method of measuring or extrapolating
mass of oxygen, and programming to maintain an oxygen
delivery rate.

The system can further include a programmable logic con-
troller (PLC) which is interconnected with a distributed con-
trol system or a supervisory control and data acquisition
(SCADA) system to allow monitoring of alarms and/or con-
trol of equipment from a remote location.

In an exemplary embodiment, the following instrumenta-
tion and control is envisioned for accurate control of gas
dissolution and dissolved gas concentration. Specifically, the
control technology is envisioned to allow independent control
of'each process variable. Further, each process variable can be
controlled in either manual or automatic mode. In manual, the
user inputs the desired value for each variable. In automatic
mode, the user inputs only the desired gas delivery or effluent
concentration desired, with the PLC performing calculations
and automatically adjusting the other process variables as
necessary to satisfy the user input:

Tank Level—The output from a level instrument can be
utilized to modulate a flow control valve, maintaining a
desired level in the saturation vessel. Level instrument is
envisioned to be, but is not limited to, either, differential
pressure, ultrasonic, radar, or other appropriate technology

Gas Pressure—The output from a pressure instrument
attached to the saturation vessel, can be utilized to modulate
an electronic pressure regulator located in the gas feed line.
This allows for electronic pressure control within the satura-
tion vessel.

Gas Flow—The output from a gas flow meter instrument,
located in the gas feed line, can be utilized to modulate an
electronic flow control valve. This allows for electronic con-
trol of gas flow entering saturation vessel. Combination mass
flow controllers will provide similar functionality with one
instrument.

Liquid Flow—The output from a liquid flow meter instru-
ment, located in the pump or a saturation vessel discharge
line, can be utilized to control pump speed. The feed pump
can be equipped with a variable frequency drive (VFD) which
will operate based on the signal from the liquid flow meter.
Flow meter is envisioned to be an electromagnetic flow meter
or other technology appropriate for streams containing high
levels of solids. Those skilled in the art will readily appreciate
that other techniques and devices can be used to control the
liquid flow rate into and out of the saturation vessel, as well as,
control the liquid level within the tank, without departing
from the inventive aspects of the present disclosure.

Further, additional electronic pressure gauges and pressure
switches can be included with the system to provide both
safety and insight as to when maintenance in necessary. Spe-
cifically, it is envisioned that the saturation vessel/tank can be
equipped with a high pressure switch which will shut the
system down if the pressure in the saturation vessel exceeds a
given value. Also, pressure upstream of the inlet will be
monitored, along with liquid flow rate, as a method for indi-
cating maintenance is needed. In addition, it is also envi-
sioned that the PL.C will continuously monitor the control
variables, perform theoretical calculations, and provide alarm
conditions, or shutdown, if the unit appears to be operating
outside of normal ranges.

Those skilled in the art will readily appreciate that the
above described control methods can readily be modified
without deviating from the scope of this invention. For
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example, the feed pump VFD could be utilized to control the
vessel level while the flow control valve is modulated to
control the liquid flow.

The following table provides specific information with
regard to the design criteria for the present invention. It will be
obvious to those skilled in the art that other variations of these
criteria are possible without deviating from the scope of the
invention. Additionally, the minimum and maximum num-
bers provided for the various design criteria are approximate
values and are not intended to limit the scope of the present
invention.

Typical Design Criteria [1]

Feature units Minimum Maximum [2]
Grinder/Screen [3]

Max Solid in 0 0.375
Flowrate gpm 0 na
Pressure psi 0 100
Feed Pump [4]

Flowrate gpm 0 na
Pressure psi 20 180
Spray Nozzle

Max Solid in 0 1.5
Flowrate gpm 0 na
Pressure Drop psi 5 60
Level Control Valve [5]

Flowrate gpm 0 na
Pressure Drop psi 20 100
Oxygen Delivery

Mass Delivered Ib/d 0 na
Effluent Conc. mg/L 0 400

[1] Typical design criteria are intended to provide those skilled in the art additional infor-
mation to understand the methods for dissolution of gas in force-main and gravity sewer
systems. Variations of the values shown here, to fit a specific application, do not constitute
a deviation from the scope of this invention.

[2] Scope of invention is, in theory, infinitely scalable.

[3] Wastewater influent will pass through grinder or self-cleaning screen when utilization of
a spray nozzle requires it.

[4] Pump will be a solids handling pump - centrifugal or positive displacement type,
self-priming or equipped with a vacuum priming system where needed.

[5] Control valve will be capable of large pressure drop, can be fully opened - ball, butterfly,
globe, or plug type.

These and other features and benefits of the subject inven-
tion and the manner in which it is assembled and employed
will become more readily apparent to those having ordinary
skill in the art from the following enabling description of the
preferred embodiments of the subject invention taken in con-

junction with the several drawings described below.

BRIEF DESCRIPTION OF THE DRAWINGS

So that those skilled in the art will readily understand how
the methods and systems for optimizing the dissolution of a
gas into a liquid function for force-main and gravity sewer
applications, preferred embodiments of the systems and
methods are described in detail below with reference to the
following figures:

FIG. 1a is a schematic diagram of a gas dissolution system
used in a force-main application which has been constructed
in accordance with a first embodiment of the present inven-
tion;

FIG. 15 is a schematic diagram of a gas dissolution system
used in a force-main or sewer application which has been
constructed in accordance with a second embodiment of the
present invention;

FIGS. 2a-2m provide a schematic representation of the
system instrumentation and arrangement which can be used
in a typical force-main application; and
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These and other aspects of the subject invention will
become more readily apparent to those having ordinary skill
in the art from the following detailed description of the pre-
ferred embodiments of the invention taken in conjunction
with the drawings.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Reference will now be made in detail to the present pre-
ferred embodiments of the systems and methods for the dis-
solution of a gas, such as oxygen, into a liquid, such as
wastewater. It will be understood that the disclosed embodi-
ments are merely examples of ways in which certain aspects
of the invention can be implemented and do not represent an
exhaustive list of all of the ways the invention may be embod-
ied. Indeed, it will be understood that the systems, devices,
and methods described herein may be embodied in various
and alternative forms. The figures are not necessarily to scale
and some features may be exaggerated or minimized to show
details of particular components. Well-known components,
materials or methods are not necessarily described in great
detail in order to avoid obscuring the present disclosure.

Referring now to FIG. 14, which illustrated a first embodi-
ment of a wastewater pre-treatment system/apparatus of the
present invention which has been designated generally as
reference numeral 100. System 100 is shown installed in a
force-main application in which untreated wastewater is sup-
plied by inflow piping 50 into a sump 54. The untreated
wastewater “A” contained within sump 52 is pre-treated by
system 100 and treated wastewater “B” is then injected into
outflow piping 56 where it proceeds to the wastewater treat-
ment plant.

Treatment system 100 includes saturation or dissolution
tank assembly 2, and a pump 4 which is in fluid communica-
tion with the dissolution tank assembly 2. As noted above,
inflow pipe 50 provides wastewater “A” into sump 54. Pump
4 withdraws a portion of the untreated wastewater “A” from
sump 54 and through a screen or grinder 8 where required by
spray nozzle size. A gas source 12 is also in fluid communi-
cation with dissolution tank assembly 2 and is configured to
supply a quantity of gas (e.g. oxygen) to dissolution tank 2.
Those skilled in the art will readily appreciate that other gases
can be dissolved into the wastewater or source water without
departing from the inventive aspects of the present disclosure.
For example, the gas could be air, oxygen, ozone, hydrogen,
nitrogen, nitrous oxide, and carbon dioxide.

Dissolution tank assembly 2 includes a pressure vessel 14
for containing treated wastewater 16 and provides a gas head-
space 18 above the treated fluid. In one exemplary operating
embodiment, gas headspace 18 is at a super-atmospheric
pressure. Dissolution tank assembly 2 also includes a liquid
inlet 20 which is configured to inject the wastewater being
pumped from pump 4 into pressure vessel 14 of dissolution
tank assembly 2. The inlet 20 may include a spray nozzle.
Those skilled in the art will readily appreciate that more than
one spray nozzle can be used to supply the fluid into the
pressure vessel without departing from the scope of the
present invention.

An exemplary manner in which the oxygen gas is dissolved
into the fluid contained within the pressure vessel 14 is
described in U.S. Patent Application Publication No. 2009/
0166300 Al, published on Jul. 2, 2009, and will not be
described in detail herein. As a result of the wastewater being
introduced through the gas head space 18 in system 100, the
oxygen contained within the head space 18 is dissolved into
the wastewater “A”, resulting in treated wastewater “B”. The
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treated wastewater “B” is supplied to outflow piping 56
through for example, a pressure regulating valve 26.

Although, the gas source 12 preferably provides oxygen,
those skilled in the art will recognize that other gases such as
ozone, hydrogen, nitrogen, nitrous oxide, or carbon dioxide
can be used.

FIGS. 2a and 25 provide a schematic representation of the
system instrumentation and arrangement which can be uti-
lized in a typical force-main application which uses system
100.

Referring now to FIG. 15, which discloses a pre-treatment
system 101 which is also installed in a force-main applica-
tion. System 101 is similar in operation and arrangement to
system 100, except that the suction and discharge arrange-
ments are different. In system 101, suction of untreated
wastewater “A” is pulled by pump 4 from the wet well or
sump 54 and through a screen or grinder 8 where required by
spray nozzle size. After passing through system 100, the
treated wastewater “B1” is discharge back into the sump 54
where is mixes with the untreated wastewater and then pro-
ceeds to the sewer treatment plant through force main outflow
pipe 56 or gravity main outflow pipe 58.

FIGS. 24 and 25 illustrate several alternative suction and
discharge arrangements which can be used without departing
from the scope of the present invention. In one embodiment,
suction is pulled from the force-main or gravity sewer and
discharged back into the force-main or gravity sewer. In an
alternative arrangement, suction is pulled from the force-
main or gravity sewer and discharged back into the wet well.
In one embodiment, suction is pulled from the wet well and
discharged back into the force-main or gravity sewer. In one
embodiment, suction is pulled from the wet well and dis-
charged back into the wet well. In one embodiment, suction is
provided from potable water supply and discharged back into
the force-main or gravity sewer. In one embodiment, suction
is provided from potable water supply and discharged into the
wet well.

One issue with using raw wastewater in the system for
dissolving gasses is the possibility of large solid particles
plugging the spray nozzle(s) 20 if utilized, the pressure regu-
lating valve 26, or the orifice(s) in the orifice tube 28. To
reduce the chance of plugging, solids either need to be
removed from the waste stream or reduced to a size that will
prevent plugging.

In one embodiment, the intake screen 8 includes a back-
wash feature, which is supplied with screened water, pressur-
ized by pump 4, regulated by valve 35, and conveyed by line
36. The back-washed solids are expected to be rejected from
the intake screen 8, collected in pump 32 and conveyed in pipe
24 to the wastewater treatment plant.

In one embodiment, the intake screen 8 includes a mecha-
nism for removing solids from the wet well, such as a stepping
action. The removed solids are expected to be discharged
from the intake screen 8, washed, compacted and bagged to
minimize odors prior to disposal.

In one embodiment, the pressure in the force-main will
feed an in-line grinder. The grinder will minimize solid size
and the waste stream will enter pump 4.

In one embodiment, pressure sensing device 38 can detect
pressure changes, which would be symptomatic of a plugged
intake screen or spray nozzle. In one embodiment, the pres-
sure sensing device 38 can be connected to the programmable
logic controller 34 through an electronic or pneumatic signal,
and the controller can be programmed to produce an alarm
signal, and/or initiate an automatic shut-down of the system.

The potential for solids plugging can also be an issue at the
point the fluid is discharged into pipe 24. In one embodiment,
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apressure regulating valve 26 can be set to provide sufficient
back pressure for dissolution vessel 2, while maintaining the
desired flow of gasified fluid 16 into fluid, conveyed in pipe
24. In one embodiment, pressure regulating valve 26 can be
actuated to periodically open to allow purging of solids into
pipe 24. In an alternate embodiment, an orifice tube 28, with
one or more orifices, can be inserted into pipe 24 through
valve 30 to allow injection of gasified fluid 16 into fluid 6,
conveyed in pipe 24. If maintenance or cleaning is needed,
orifice tube 28 can be retracted through valve 30, and valve 30
closed to allow temporary operation of the sewer without the
addition of gasified liquid.

System 100, including all embodiments depicted in FIGS.
la-1b, may also include one or more programmable logic
controllers or other control devices 34 interfacing with sys-
tem 100 to allow for automated adjustment of various param-
eters within system 100, including, but not limited to, pres-
sure within vessel 14, flow rate of the fluid 16 into and out of
pressure vessel 14, retention time of gas and liquid in vessel
14, gas flow rate into vessel 14, the liquid spray pattern from
spray nozzles 20, and the rate of internal mixing within vessel
14.

Although the schematic shown in FIG. 1a shows control
device 34 connected to pressure vessel 14, it should be under-
stood that systems 100/101 may include a plurality of control
devices 34 interfacing with any of the various parts of system
100/101, with each other, and with those items depicted in the
other figures. Control devices 34 may be hard-wired or they
may operate wirelessly, and may be able to be controlled
remotely through a network. In addition, control devices 34
may be any suitable device, including mechanical or other
manually operated devices.

One method of increasing dissolved gas concentration in
the fluid passing through pressure vessel 14 is to increase the
pressure within vessel 14, thus allowing a higher concentra-
tion of gas to be dissolved.

In one embodiment, the dissolution vessel 14 will be fitted
with a lower-explosive-limit (LEL) sensing device, or other
hydrocarbon detecting device in fluid communication with
gas headspace 18. This device will electronically communi-
cate with the programmable logic controller 34. In the event
the device detects hydrocarbon concentrations above an
operator designated setpoint, the controller 34 will initiate an
audible alarm and/or a shut-down of the system, as is pro-
grammed into the controller.

In one embodiment, the controller will be in electronic
communication with a distributed control system (DCS) or
system control and data acquisition (SCADA) system. The
communication with the DCS or SCADA will allow alarms to
from the system to be registered at a remote monitoring
location, and for the system to receive remote commands for
start-up or shut-down. The integration with the DCS or
SCADA system will also allow the controller 34 to receive a
signal proportional to a down-stream condition, such as flow
rate or dissolved oxygen concentration, and adjust operation
of the system accordingly.

The systems and methods described in this disclosure
improve upon the systems and methods described in U.S. Pat.
No. 7,255,332. When compared to the system described in
U.S. Pat. No. 7,255,332, systems 100/101 have the ability to
introduce dissolved gas into a fluid with a high solids content
being transferred in a pipeline or other enclosed conveyance.
In an embodiment of the system, dissolved gas can be deliv-
ered to a force-main or gravity wastewater sewers system. If
oxygen is delivered with this system, the addition of oxygen
can be used to maintain aerobic conditions, which will reduce
the development of odor-causing compounds, and help pre-
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vent corrosion of sewer pipe caused by the creation of sulfuric
acid, derived from hydrogen sulfide, produced by natural
occurring bacteria in anaerobic conditions.

It will be apparent to those skilled in the art that numerous
other variations of the described system for optimizing the
dissolution of a gas into a liquid are possible without depart-
ing from the scope of the invention.

Additionally, an apparatus of the invention comprises a
discharge device external the dissolution tank and connected
thereto via the fluid outlet. The discharge device is provided
with one or more orifices through which treated fluid can pass
from the dissolution tank and into a region external the appa-
ratus. Once the treatment water is released to the target water
being treated, there is a pressure drop to ambient conditions
and the water is then considered supersaturated with oxygen.
Ifthe supersaturated water is then mixed with the target water
at a ratio resulting in sub-saturated oxygen concentration in
the bulk water, the additional oxygen will remain in solution
and increase the dissolved oxygen content of the target water.
Several methods have been devised to mix the supersaturated
water with the water being treated, which are discussed here-
inbelow. If vigorous mixing and wide distribution of oxygen
is required, the discharge device is configured such that dis-
charge orifices can be placed inside an entrainment pipe of
larger diameter that is open at both ends. The treatment water
is then ejected from the orifice at a high velocity into the
entrainment pipe. This causes entrainment of the target water
into the entrainment pipe and provides vigorous local mixing
of treatment water and target water. The mixed water exits the
discharge device with velocity to provide distribution of oxy-
genated water. If vigorous mixing is not desired and only
localized oxygenation is required, the treatment water exits
through many smaller orifices rather than a single larger ori-
fice. The multitude of smaller orifices provides the same
overall pressure drop when exiting the discharge device as the
single orifice. This allows treatment water to be ejected from
the discharge with less momentum and at many different
directions allowing the dissolved oxygen to be maintained in
a smaller area. Entrainment pipes can also be added to each
orifice to provide mixing without unidirectional high velocity
injection. The advantage of these methods of mixing treat-
ment water with the target water is that degassing of the
supersaturated stream is prevented and no gas bubbles are
formed. Mixing liquids with liquids is much more efficient
than mixing gases with liquids. Thereby, it is much more
effective to mix a supersaturated stream of treatment water
into the target water than it is to mix gas bubbles within the
target water.

What is claimed is:

1. A method for pre-treating wastewater in a force-main or

sewer system, the method comprising the steps of:

(a) passing an intake fluid into an enclosed vessel;

(b) pressurizing the enclosed vessel with gas, wherein the
gas enters the vessel at a controlled pressure and is
pressurized until a desired pressure is attained in the
vessel;

(c) providing a gas source interfacing with the vessel to
regulate the amount and type of gas that enters the ves-
sel;

(d) providing means for removing solids from the intake
fluid;

(e) providing means to remove accumulation of solids from
the system; and

(f) providing means for introduction of a gasified discharge
fluid to be introduced into an enclosed pipe, wherein the
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means for introduction includes an orifice tube config-
ured to prevent bubble formation within the enclosed
pipe.

2. The method of claim 1, wherein the step of providing a
means for removing solids from the intake fluid is provided
by an intake screen, in-line grinder, or complete fine screen
and de-gritting unit.

3. The method of claim 2, wherein the intake screen the
in-line grinder or the complete fine screen and de-gritting unit
provides a means for automatic operation.

4. The method of claim 1, wherein the step of removing
accumulated solids from the system is provided by an oper-
ating sequence in which the dissolution vessel is periodically
emptied.

5. The method of claim 4, wherein the operating sequence
is controlled by a programmable logic controller or other
controller.

6. The method of claim 1, wherein the step of removing
accumulated solids from the system is provided by an actu-
ated valve with an operating sequence which periodically
opens the valve to allow purging of the accumulated solids
into the sewer.

7. The method of claim 6, wherein the operating sequence
is controlled by a programmable logic controller or other
controller.

8. The method of claim 1, further comprising the step of
opening a valve, wherein the valve is of construction which
provides a large pressure drop.

9. The method of claim 1, wherein the orifice tube is
inserted through a full-bore ball valve, gate valve, other valve,
pipe fitting, pipe saddle, or blind flange with means of inser-
tion of the orifice tube.

10. The method of claim 1, wherein a quality of the gas in
the headspace of the pressurized vessel is monitored for
hydrocarbon.

11. The method of claim 10, wherein the monitoring is
performed by a lower-explosive-limit detector or other hydro-
carbon detector.

12. The method of claim 11, wherein a detector is in elec-
tronic communication with a programmable logic controller.

13. The method of claim 12, wherein the programmable
logic controller is programmed to sound an audible alarm
and/or initiate a system shut-down upon a condition deter-
mined by the detector.

14. The method of claim 2, wherein the condition of the
device is monitored by sensing the pressure on a suction line
between the device and a pump.

15. The method of claim 14, wherein the pressure sensing
device is a pressure transducer or a pressure switch.

16. The method of claim 14, wherein the pressure sensing
device is in electronic communication with a programmable
logic controller.

17. The method of claim 14, wherein the programmable
logic controller is programmed to send an alarm signal and/or
initiate a shutdown sequence when the signal from the pres-
sure sensing device indicates a low pressure on the pump
intake.

18. The method of claim 1, wherein the system can be
started, stopped, and operated remotely through a distributed
control system or a system control and data acquisition
(SCADA) system.

19. The method of claim 1, wherein the discharge of the
gasified fluid is recirculated back to a wet-well from which it
was drawn.

20. A method for pre-treating wastewater in a force-main or
sewer system, the method comprising the steps of:

(a) passing an intake fluid into an enclosed vessel;
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(b) pressurizing the enclosed vessel with gas, wherein the
gas enters the vessel at a controlled pressure and is
pressurized until a desired pressure is attained in the
vessel;

(c) providing a gas source interfacing with the vessel to
regulate the amount and type of gas that enters the ves-
sel, wherein a quality of the gas in a headspace of the
vessel is monitored for hydrocarbon;

(d) providing means for removing solids from the intake
fluid;

(e) providing means to remove accumulation of solids from
the system; and

(f) providing means for introduction of a gasified discharge
fluid to be introduced into an enclosed pipe.

21. A method for pre-treating wastewater in a force-main or

sewer system, the method comprising the steps of:

(a) passing an intake fluid from a sump or a wet-well into an
enclosed vessel;

(b) pressurizing the enclosed vessel with gas, wherein the
gas enters the vessel at a controlled pressure and is
pressurized until a desired pressure is attained in the
vessel;

(c) providing a gas source interfacing with the vessel to
regulate the amount and type of gas that enters the ves-
sel;

(d) providing means for removing solids from the intake
fluid; and

(e) passing a gasified discharge fluid from said enclosed
vessel to said sump or said wet-well.
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